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Introduction
Several forest ecosystems in Slovakia are more or less anthropogenically altered. This mainly holds for spruce forests, with the health status unsatisfactory in many cases. There is an urgent need for the care and protection of vulnerable ecosystems and for implementation of measures to control the processes threatening the ecosystems health and development. In summary, the interaction between vegetation and the surrounding environment, is today significantly affected by changes in biotic and abiotic components of the natural environment. The current research findings show that the preservation, safeguarding and enhancement of ecological stability of forest ecosystems can only be achieved through interdisciplinary research and optimal management.
A necessary condition for the existence, growth and development of forest ecosystems is understanding the processes occurring in the hydrosphere of the air and soil environment. Water balance means several components such as evapotranspiration, runoff conditions and water regime of soil. Soil moisture is the result of the coupling of atmospheric, soil and ground water in the soil environment. To ensure the appropriate soil fertility, the moisture is needed to accumulate and move to the plant roots in amounts required by the plant (Antal and Špánik, 1999) . The effects of climate change, exposure to extreme types of weather conditions (prolonged abundant rainfall or drought periods) cause soils waterlogging or drying out which creates conditions for the occurrence of hydropedological cycles with very different supply of water available for plants. Changes in the hydrological regime mean also the changes to site and soil characteristics, particularly the physical and chemical soil properties, physiological parameters, matter and energy metabolism (Bublinec, 1994; Kmeť et al., 2009; Střelcová et al., 2009; Šach et al., 2014; Tužinský, 2004) . As the result, considerable changes in the risk factors to the climate may appear (Lorz et al., 2010) .
The subject of this paper is an analysis of the soil moisture profile in saline soil under a spruce stand in relation to individual components of the water balance (interception, evapotranspiration and runoff conditions). In the 20 cm soil surface layer and across the physiological soil profile we also analysed supply of usable water and performed environmental classification of soil moisture. The research run in the Upper Orava region in 1991-2013.
Materials and methods
The research site grown mostly with Norway spruce trees (Picea abies (L.) Karst.), 85%, Fagus sylvatica 13%, Abies alba 2%) was established in 1984, for monitoring the chemistry of precipitation. Since 1991, the research has been expanded to study also the water balance components. The stand age at establisment was 80 years, stocking 0.8, engaging 90%. The typology has been assigned to the group of forest types Fageto Abietum. The soil type is cambisol modal acidic. The site is located at an altitude of 940 m, on a south-oriented slope with a 15% inclination.
The local climate is cold, with an average annual temperature of 5 °C, in the growing season 11 °C, with annual rainfall of over 1,000 mm and the highest monthly sums in June and July (Table 1) . Soil moisture was monitored in ten-day intervals, gravimetrically from soil samples obtained by soil drilling, into a depth of 100 cm, in 10 cm layers. The samples consisted of 3 to 5 replications from the same sampling site, or there were composite samples containing material from 5 sampling sites. The soil sampling was arranged in a cross pattern in the central part of the spruce stand. The instantaneous moisture of the collected soil samples was determined after drying at a temperature of 105 °C and expressed in % of volume. The following hydrophysical characteristics were determined: maximal capillary capacity (MCC) by Novak (in Klika et al., 1954) , point of diminished availability (PDA) and wilting point (WP) according to Drbal (1965) . Soil texture was determined using the floating process proposed by Kopecký (in Hraško et al., 1962) , soil density pycnometrically and the volume density was derived by calculation.
Water balance is determined by the formula:
where W 1 is the soil water amount at the beginning of observation period, R is the precipitation volume, P v is the vertical water seepage into the soil, R s is the surface runoff, E t is the evapotranspiration, and W 2 is the amount of soil water at the end of the observation period.
Precipitation penetrating through the canopy was intercepted into rain gauge troughs made of galvanized steel with an intercepting area of 2,000 cm 2 , in 5 repetitions, located in a cross arrangement.
Stemflow was observed in three spruce trees with a diameter d 1,3 24 cm and a height of 21, 22 and 22.5 meters with the aid troughs of lead sheet wrapped around the stem perimeter.
Throughfall through the forest canopy and herbal cover was measured at a depth of 100 cm, using lysimetres with an interception area of 343 cm 2 . Surface runoff was studied by the method of deluometre layout -troughs and containers for collecting runoff from areas from 0.75 to 3 square meters.
Water consumption for evapotranspiration was calculated from the difference between the initial and final supply of water in the soil with regard to the other components of the water balance (interception, stem--flow, surface runoff).
The amount of water available to plants was calculated by subtracting the lacking water from the instantaneous soil moisture. The boundary between the lacking and physiologically accessible water was wilting point (WP). The supply of usable water was evaluated by Kutílek (1966) , ecological classification of soil water regime by the same author (Kutílek, 1971) .
Results and discussion
The study of water balance in natural environment is far from easy, as the interacting components represent a complex system. In case of forest ecosystems, there are coupled effects of environmental conditions, specific influence on forest microclimate and water balance components: interception, stemflow, evapotranspiration, desuction, hydrophysical soil properties. This results in a significant variability in soil moisture conditions. The amount and accessibility of soil water primarily depends on the ratio of the input and output components of the water balance.
In the studied spruce forest, precipitation is the only input component of water balance. Over the whole research period 1991-2013, the total precipitation in the growing seasons was 13,000 mm, in particular years ranging from 350 (2003) to 775 mm (1991). The spruce trees retained on average 24.5% of precipitation in the open area, stemflow and surface run-off amounted to 0.5 to 1% on average. The water amount ran off below the lower limit of the balance soil profile (>100 cm) was on average 36% of soil water from the total amount of atmospheric precipitation, evapotranspiration represented from 21 to 42% (Table 2 ).
The greatest variability in temperature conditions and precipitation totals was observed in the summer months, with the biggest differences in the long-term average . The most favourable rainfall conditions were in September (95%), the least precipitation fell in May (61%), in the summer months (July, August) fell 79% and 80%, respectively, of the long--term average precipitation. The average annual temperature varied between 11.3 °C to 13.3 °C, which means an average increase by 1.6 °C. The atmospheric precipitation minimum during the growing season for Norway spruce in the amount of 400 to 500 mm (Tužinský, T, average annual temperature; P, precipitation; I, interception; WS, water seepage; ET, evapotranspiration.
2004; Škvarenina et al., 2000) was achieved in most cases. Drought danger for spruce stands occurred in periods with uneven distributed precipitation and during long lasting deficits of precipitation. Precipitation with a daily sum of <2.0 mm prevailed, representing the upper limit of the spruce water holding capacity. Minimal effect on the soil moisture was found in the precipitation category with a daily sum of 2 to 5 mm. Significant increases in humidity were observed following daily sums beyond 10 mm.
Soil water regime
The soil water regime is the result of the combination of income (input) and expenditure (output) components of the water balance. Existence, growth and development of the forest, in our case of spruce ecosystem, in context of water and soil, depend primarily on the infiltration and accumulation of soil water in the rhizosphere layer, or the environment with the highest incidence of active roots. In the case of spruce, this mostly means the soil surface and middle layers of soil (0-50 cm). These are subject to the greatest changes in the water regime linked to the changing climatic conditions.
Analysis of wetting, wetting duration and stratification of soil moisture according to the hydrolimites in the vegetation periods revealed that the most common was moisture intervals (Šútor, 1994; Šútor et al., 2005) within the lowest third of the interval between the maximal capillary capacity (MCC) and the wilting point (WP), in periods with decreased rainfall, close to the lower limit.
The evolution of the soil moisture balance provides evidence that the temperature-and precipitation--induced changes to the soil moisture were the highest in the surface layers of the soil, in the spring months ranging from 31 to 44% vol., in the summer months from 15 to 28% vol.
Within the 20 cm soil surface, two soil moisture intervals were alternated: uvid interval, mostly in spring months, limited by full water capacity (FWC) and MCC. The highest values with gravitationally seeping water and a good supply of usable water were recorded in 1991, 1994, 1995, 1998, 2001, 2003-2007 and 2010 . The water increase was participated by the stock accumulated during winter season, the water from the melting snow and the current atmospheric precipitation.
The cycle of wetting and drying phases in the next vegetation period was dependent on the ongoing weather conditions, especially temperature and rainfall. Below the lower limit of the governing soil moisture interval (MCC-WP), soil moisture fell only in longer dry days. The occurrence of drought periods with limited or insufficient water supply in the surface soil layers was detected in the vegetation periods 1999, 2000, 2006, 2012 and 2013 (Table 3 ). The highest water losses occurred in the early days of the dry periods. On days with a relatively good soil water supply and relatively high air temperature (>20 °C), the main factor enhancing the water consumption was evapotranspiration representing a daily water consumption more than 4 mm. Combined effects of the processes of water redistribution in the soil by macroporous filtration and by pumping water by spruce roots, caused a significant decrease, up to exhaustion, in the available water reserves in the rhizospheric soil layer, occurring in a relatively short time (5 to 10 days). The deficit of water balance during the dry periods gradually decreased, the maximum value of -29 mm was recorded in the longest drougt period of the growing season 2013 (Table 3 ).
In the middle and deepest layers of the soil physiological profile (40-100 cm), the soil moisture dynamics was affected less strongly, with the deficit in the plant-accessible water only after longer-lasting drought periods. The largest deficit of usable water occurred in the just mentioned dry period 2013 (-69.2 mm), negative water deficit also resulted from the water balance values in 1992 (-43.3 mm), 1999 (-68.7 mm) and 2012 (-66.5 mm).
During drought episodes within the growing season and due to specific hydraulic conductivity of dry soil, there arises a danger of moisture stress with various impacts on water balance components, the course of physiological processes (Kozlowski 1991; Konôp-ka, 2009; Priwitzer et al., 2003; Verbeek et al., 2007) , gradual loss of active roots and changes in the root hydrotropism.
The most endangered soil surface layer is the relatively thick humus layer with a large amount of accumulated contaminants. In this layer, the osmotic pressure of soil solution increases, thus raising the critical level of the wilting point.
A partially regulated water regime may have a positive influence during periods with reduction of usable water deficit in the soil surface layers. In these periods, water is redistributed through active roots and pumped through capillary rise from deeper horizons (Persson et al., 1995; Jeník, 1957) .
As for the prevailing soil moisture stratification across the physiological profile, the soil moisure dynamics of moisture seemed more favourable. The dominant interval was the semiuvidic interval. In the growing seasons with the precipitation above normal, the moisture varied mostly in the upper third of the semiuvidic interval. In the first half of the growing season the humidity ranged from 23 to 36 vol. %, the levels in the other periods, with the exception of the mentioned dry periods, did not fall below the threshold point of diminished availability PDA (<20 vol. %).
Differentiation of soil moisture influenced by climatic conditions, especially the precipitation timing is evident from the graphic representation using chronoizoplets in two growing seasons with normal precipitation in Fig. 1 and 2 . The difference was between the timing of disintegration of the precipitation and mois- ture conditions at the beginning of the growing season. The semiarid interval maintaining in the soil surface and middle layers in the vegetation period 1993, was caused by a long precipitation-defficient period in spring (Fig. 1) . In May and June, there were only 15 precipitation days, including 11 with daily precipitation total less than 2 mm, 3 precipitation events with a total of 5-10 mm, and one event with a total of 17.6 mm. The soil moisture was within hydrolimits PDA and WP, in the surface layers with less capillary water with sufficient water, or hardly accessible water. The moisture condition in the surface soil depth of 20 cm was the same during the main part of the growing season, in shorter episodes in the middle layers. The drought risk threatening spruce owing to the reduced water supplies in the surface layers maintained unchanged, even after a series of richer precipitation events in June, July and August (376 mm = 94% of normal), until September. In the middle and deeper layers, the change occurred after an increased rainfall in the second half of June. The course of such a condition can be explained by the increase in water consumption for evapotranspiration (>4 mm day -1 ) following the higher rainfall in June and July and the water seeping into the deeper horizons (>36%). The drought was also caused by precipitation deficit in the first and second decades of August, during which there were 7 days with precipitation sum of 16.7 millimetres of water, from which four showed a daily total less than 2 mm.
In the growing season 1995, with a more evenly distributed precipitation compared to 1993, moisture stratification throughout the physiological profile was mostly normal (Fig. 2) . The semiuvidic soil moisture interval (MCC-PDA) with water mostly gravity-percolating and a good supply of usable water at the start of the growing season, was followed, beginning with the second half of May, by semiarid interval characterised with sufficient usable water supply.
In the second half of June and in August, after a series of higher precipitation totals, moisture increase to the semiarid interval was only in the layer 0-30 cm. In the deeper layers of the soil physiological profile (60-100 cm), the moisture maintained within semiarid intervals.
The presence of higher precipitation sums after drought periods rushed a rapid renewal of transpiration (Priwitzer et al., 2003) and caused certain time shift of water supply from deeper soil horizons.
GS, growing season; T, temperature; P, precipitation; W, water supply; AW, available water. CAW, categories of available water: VG, very good; G, good; S, sufficient; L, low; IS, insufficient.
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Water accessible for plants
During the research, the stock of usable water in the surface layer was mostly good or sufficient (>20 mm), displaying insufficiencies only following warm episodes without precipitation in July and August. Throughout the physiological profile, a good supply of usable water was maintained, most frequently by the end of May, under favourable weather conditions even by the end of June. In the summer months, the values ranged between good and sufficient (130-90 mm), falling in September 1999 in critical, collapsed unsecured period, and August 2012 and 2013 in a low stock category (<90 mm).
Ecological classification of the water regime
In the vegetation period, three soil moisture intervals were identified under the spruce stand. The first was the obvious interval between FWC and MCC hydrolimites. This interval was present towards the end of winter and in spring months. The soil water accumulated from winter water, melting snow and higher precipitation sums. It encompassed the entire physiological soil profile of the soil, with a longer lasting occurrence in the lower third of the profile. The transition to the second semi-moisture interval with the soil moisture between the MCC and PDA hydrolimites was mostly fluent, affecting mainly the middle and deepest layers of the physiological soil profile. In the summer, there was present the third, semi-arid moisture interval between PDA and WP hydrolimits. This was the most frequent in the summer months; in the spring months, mainly in the surface soil layers were affected due to reduced winter water reserves and lacking rainfall at the beginning of the vegetation period. In an extremely dry period, moisture supplies at a depth of up to 30 cm dropped down to the lower half of the semi-arid moisture nterval.
Conclusion
Drought stress is regarded as one of the limiting factors for the vegetation growth. Spruce ecosystems belong to the most threatened in terms of drought effects in mountain forests. Recognising processes and changes arising in the hydrosphere and in air and soil environment may be crucially important for ensuring the existence, growth and development of forests. These processes comprise the components of the water balance, especially evapotranspiration, runoff conditions and soil water regime.
Sustainable forest development is seriously threatened also due to the trends in hydropedological conditions. Under the influence of climate and hydropedological alterations to soil forming processes changes in temperature and humidity regime have an impact on the deterioration of the interactions in the system atmosphere -ecosystem -pedosphere.
The analysis of hydropedological research in Oravská Polhora shows that the soil moisture regime was mostly controlled by the existing soil moisture, the drough intensity and duration, temperature and by evapotranspiration demands. The spruce is threatened by the drying out the soil surface layers with the major part of the tree active roots.
The increased osmotic pressure in soil solutions was caused by high amounts of contaminants accumulated in the relatively thick humus layer. This also caused the wilting poit increase.
Weather extremes and changes in the most important components of the soil water balance result in steadily increasing number and length of episodes in which the available water supply is limited or low. Changing hydropedological conditions cause physiological weakening in spruce, and debilitate their defence responses against biotic and abiotic agents. Extremely dry periods cause premature death of trees in spruce ecosystems. In terms of the global climate changes, the sustainable forest development, especially concerning the most vulnerable spruce ecosystems, can be ensured only with securing the soil quality, increasing vitality and regenerative capacity of forest ecosystems and protecting the original climax forests.
